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A CHEMICAL ANALYSIS 
OF A SUITE 
OF OLD CHINESE BRONZE MIRRORS 
Introduction. 
Chinese tradition carries the art or casting in 
the various alloys of copper which we call •bronze• as far back 
as the third millennium B. c. Yu the Great, who founded the 
first dynasty, the Hsia., in 2.205 B. c., caused the tribute met-
al from his nine subJect provinces to be melted down and cast 
in the form of nine great bronze caldrons. For two thousand 
years these caldrons. were a part of the State ceremonial, pre-
served as the royal insignia, and described repeatedly in the 
annals of those centuries. .They disappeared in 233 B. c., 
during the death-agonies of the Chou Dynasty. 
Man's earliest experiments in the casting of metal prob-
ably began with the ingot formed by pouring molten material in 
a natural, (and later an artificially produced) hollow in a 
stone. Still later the two-piece mould was invented, by means 
of which an arrowhead or axe could be shaped directly. •Dec-
orative• bronze casting in China, an expression of the artisanh 
conception of beauty, as opposed to simple utilitarian pieces, 
goes back to a date anterior to the earliest appearance of 
bronze in Europe. The earliest fragments indisputably dated 
with an inscription come from the Shang Dynasty. (see table I, 
page 3). 
Chinese bronzes were traditionally cast by the •lost-wax• 
process. This involved the complicated process of modelling in 
wax over a fireproof core exactly what it,was intended should 
be reproduced in the bronze. Another fireproof covering was 
shaped about the wax. When the molten charge was poured in the 
mould, it displaced the wax. 
The stock of early bronzes now in collections, museums, 
etc., is entirely lacking in primitives and begins with a series 
displaying a skill of craftsmanship and elaborateness of design 
which argues many centuries of evolution, unless, as A. J. Koop 
says, •we are to assume a miraculously sudden development com-
parable with Athena's birth from the head of Zeus.• (1). 
Contrary to what has happened in the case of other art ob-
jects, the number of specimens of early bronzes,--i.e., belong-
ing to the period previous to 200 B. c., has been steadily in-
creasing for the last one thousand years. This is because the 
bronzes of the Shang and Chou Dynasties were buried or thrown 
into streams at the time of the destruction of the books by Em-
peror Ch'in Shih Huang in the third century B. c. Excavations 
for the building of new houses or temples, and changes in the 
face of the country due to floods and the drying up of river 
(1). A. J. Koop. Early Chinese Bronzes. Page 18. 
2. 
beds have brought to light these buried pieces. The building 
o~ railroads through the ancient parts of China has helped to 
uncover new specimens. llany have been picked up during the last 
hundred years. (See history of collection, page a). 
Table I. The Chinese Dynasties. 
Hsia 2205 B•C. to 1767 B. c. 
Shang or Yin 1766 1123 
Chou 1122 256 
Ch'in 255 207 
Han 206 B. C. to 220 A. D. 
Six dynasites 220 A.D. 587 
Sui 581 617 
T'ang 618 906 
Sung 906 1279 
Bronae decnration. 
Chinese art work in bronze was an attempt to express sen-
timent in two forms: in ideographs, or characters, which could 
convey ideas, corresponding to words in the western alphabet, 
and in the production or objects which could be seen and hand-
led. Both these requirements were ~ulfilled when a good 
bronze was produced. The shape and workmanship of the bronze 
symbolized concepts evincing the results of man's mind when 
3. 
used in relation to material objects. Ferguson says "A study 
of early Chinese bronzes brings us to __ the fundamental philoso-
phic ideas out of which the Chinese race, with its art, litera-
ture and governmental institutions, has developed. 0 (1) 
The mirrors from early times were proveded with a pierced 
knob in the center of the back through which a short thong or 
cord could be passed, serving as a handle. Their use goes back 
to Chou times. There is no earlier known record from literary 
sources. The ornament is characteri~ed by a combination of high 
and low relief, i.e. more and less prominent decoration. The 
high relief of the Chou pattern usually consisted of symmetri-
cally disposed dragon forms, a picturization of the powerful 
forces of nature corresponding to the animal forms seen by the 
Arabians and Persians in the stars of the firmament~ The sub-
relief consisted of a ground-filling of the fine linear square~ 
spiral ornament knovm as "thunder-pattern." Another type de-
picts the historic introduction of the grape-vine into China, 
the decoration showing animals and birds disporting among vine 
branches loaded with bunches of grapes. 
'l'he earlier ( pre-T 'ang) min· ora are nearly always circu- · 
lar. This may be derived from ancient forms of sun-worship, ~ 
due to technical exigencies. The smaller types are usually 
polished to a slight convexity~ 
(1). John c. Ferguson, Early Chinese Bronzes. Page 3. 
4. 
Patina: The External Gloss of the ~irrors. 
During the long period since their manufacture, the mir-
rors have accumulated varying degrees and types of corrosion; 
all the way between a thin surface deposite and complete decom-
position. Much of the value of a bronze to collectors depends 
upon the effect produced by centuries of weathering. The most 
common is that of malachite green, basic copper carbonate, the 
result of reaction in the presence of c~rbon dioxide and water. 
If the bronze happened to be stored in a relatively dry posi-
tion, blue azurite (2CuC03•Cu(OH)2) waa formed. Cupnte 
(cuprous.oxide) was produced in some cases. If the mirror 
happened to be preserved uncovered, an iridescent dark brown 
or black lacquer effect was produced. It is generally be-
lieved that the black or green coloration can develop in a 
thousand years, but that glossiness is acquired after centuries 
more than that. 
The process of corrosion is due principally to electro-
chemical action in the presence of such natural agents as 
chlorides, sulfates, carbonic acid, and water. A partial list 
,of the copper compounds common in corroded bronze is given in 
Table II. Besides these, there are lead and tin compounds, 
such as cerussite, cassiterite, lead chloride and hydroxide, 
etc. 
A fine black lacquer-like finish is the rarest and most 
valued by collectors. One authority (on patina appearance, at 
5. 
Table II. Copper Compounds Common in Bronze Corrosion. 
Oxides Carbonates Sulfides Chlorides Silicates 
Cuprite J.Lalachite Covellite Atacamite Crysocolla 
Tenorite Azurite Chalcocite llantokite 
Bamite 
Enargite 
least) attributed this color to the mercury with which mirrors 
were sometimes rubbed to produce brilliance. No reference to a 
positive chemical test for mercury could be discovered. Dr. H. 
J. Plenderleith (1) found that the black coating was insoluble 
in everything but a mixture of nitric and hydrofluoric acids. 
The compound may have been produced by mixing siliceous matter 
with the layer of the mould which comes into direct contact 
with the molten metal. A compound somewhat analogous to sili-
con bronze may have been produced. 
The spectrographic analysis by .Allyn (2) showed the 
presence of small amounts of silicon, but its presence was 
attributed to siliceous matter adhering to the sample or dif-
fused slightly into the specimen during the course of cent~~ 
Corroded specimens are sometimes restored by electrolytic 
reduction with hydrogen. Theobject is immersed as the cathode 
(1). A. J. Koop, Early Chinese Bronzes. Page 32. 
(2). G. D. Allyn, Spectrographic Exam. Old Chinese Bronzes, 
Boston University Thesis, 1936. 
6. 
in two per cent sodium hydroxide solution. If in such poor 
condition that it will not hold together, it is packed in white 
sand and then electrolyzed, with a metal container serving as 
the anode. From three to six months at very low amperage usu-
ally succeeds in reducing the compounds in the crust to metal. 
The restored piece is shellaced for preservation. 
Specimens reposing in collections often become afflicted 
with what is known as the "bronze disease." This is a highly 
localized and accelerated form of corrosion, which attacks a 
clean surface or raises blisters under the valuable patina. It 
is probably due to a bit of strong electrolyte such as a chlo-
ride or sulfate acting in the presence of carbon dioxide and 
water. •\n unstable complex salt is formed which combines with 
the atmospheric agents and forms a basic carbonate. The orig-
inal reagent is liberated to attack other areas of the bronze. 
Several references were discovered regarding the law 
passed in Chou times stating that mirrors were to be made of 
equal proportions of copper and tin.(l) No specimens were 
found during this research with that composition. 
Structure. 
Bronze with twenty-five to twenty-six per cent of tin 
(1). A. J. Koop, Early Chinese Bronzes. 
The Encyclopauia Brittanica, Vol. IV, Chinese Bronzes. 
7. 
consists of hard brittle copper-tin eutectoid. From a micro-
structural examination of bronzes up to five thousand years old, 
Fink and Polushkin (1) report that there is no sign of change 
in or disintegration of the solid solutions in the metal. 
Their examination shows also that the artisans may have 
known the effect of rapid cooling on the properties of the 
bronzes. The back of one mirror exhibited a structure contain-
ing a large amount of lead. The face of it contained much le~ 
Examination of the·border zone proved there was no line of 
demarcation. The mirror had not been produced by a fusion or 
welding, but from the same melt. This could be done only by 
chilling the back of the mirror, so that the portion of the 
metal first solidified was low in tin, while that remaining 
contained a greater.amount of the element, with corresponding 
increase in brilliance. 
B. History of Collection. 
The mirrors examined in this research are representative 
selections from a collection of Chinese bronze mirrlrs ac~ 
quired between 1931 and 1934 by James Marshall Plumer while he 
was in the consular service at Shanghai, China. They are now 
in the Fogg Museum at Harvard University. 
(1). Fink and Polushkin, Microscopic Study of Ancient Bronze 
and Copper, A. I. M. ~.E., Tech. Pub. No. 693., Feb.,l936 
a. 
They were picked up in the so-called "Thieves' Dazaar," 
in Shanghai, where they were put on the market after the irreg-
ular arrivals of a k'o Jen, or guest from another province. 
Plumer once met this stranger, a native of Yangchow whose oper-
ations extended into the Huai Valley. Following his arrivals 
other objects also came on the markets such as daggers, spear 
heads, and small Jade obJects, very similar to those acquired 
by other collectors from this region. 
They were catalogued chronologically according to design 
and patina and photographed (see frontispiece). Plumer says 
there is some question whether the style name should be "Chou• 
or "Ch'in.• It is evident that late Chou style would be copied 
in Ch'in times. Collectors agree, however, that very few mir-
rors definitely of the Chou Dynasty are now in existence. In 
this thesis the mirrors of that borderline type will be repre-
sented as "Ch'in.• 
c. Importance. 
There is given on pages 3 and 4 a short description of 
the Chinese reflection in art, the manner in which decoration 
becomes a mirror of the national events. Heroic concepts of 
existence are pictured in bronze. The artist represented as 
far as he was able the existing belief and things of national 
significance as viewed by the cultured and aristrocratic of 
his day. His work could not but be colored by conditions and 
9. 
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ideas then existing. Parallel with the general development of 
culture and divilization came the treatment of the works of art 
now remaining. 
From the framework of its artistry, the Chinese history 
must now be determined. Technology at best was restricted in 
those times. The highest development was in the philosophical 
and cultural worlds. By establishing the flow patterns of 
trends as reflected in works of art, and correlating motif as 
the essence of gigantic disturbances, the evolution of history 
may be outlined. 
Some bronzes are dated and can be definitely ascribed to 
a. certain period. These are reference points around which the 
other specimens can be grouped. If enough points could be 
accurately determined, the shifting map of the centuries would 
be pictured. For this reason, it is attempted to discover 
some chemical criterion of the period of manufacture of a. 
bronze mirror. 
11. 
II. CHEMICAL AlfALYSIS. 
1. Preparation. Standardization of Weights. 
All weighing for the analyses was performed on a type LH 
balance, manufactured by Wm. Ainsworth & Sons, of Denver, Colo-
rado, 
A set of gold-plated weights made in Germany were stand-
ardized according to the method of T. w. Richards. (l). Com-
parison was made by substitution, the weights being kept on 
the left pan. This eliminates the effect of any inequality 
in the length of the arms of the balance. It also makes un-
necessary the exchange of weights from one balance pan to the 
other. 
One of the centigram weights is placed on the left pan, 
along with a 2-mg. weight. A balance is struck by a suitable 
tare on the right pan (usually a weight of the same denomina-
tion from a crude set of weights) plus the rider, The 2-mg. 
weight is introduced to keep the rider slightly off the center 
of the balance, and not too near either end of it. 
The swings of the balance are recorded, and the second 
centigram weight is substituted on the left pan. The dis-
tance which the rider must be moved to establish equilibrium 
gives the difference between the two weights. Each weight is 
compared with every other of its denomination and with the 
combination of all the smaller weights. 
(1). Richards, J. A. c. s. gg, 144 (1900). 
-------------------------------~~ 
12. 
The first centigram weight is temporarily assumed to be 
correct and the others are built up 4n it as a standard. Later 
a larger weight (in this case the undotted 10-gram weight) is 
chosen, and the values of the smaller weights compared with 
aliquot parts of the larger weight. The difference bet~een the 
actual value and the ideal value gives the correction to be 
applied to the weight. 
Table III gives the results of one standardization. Cor-
rections determined for the same weights by another standardi-
zation checked regularly within .01 mg. Third column gives 
the differences in the readings of the rider (recorded in the 
second column). The fourth column gives the actual values of 
the weights based upon the first centigrac weight, obtained by 
addition of the earlier weights and the differences in column 
three. Aliquot parts of the standard 10-gram weight and the 
differences (corrections) are next recorded. A positive sign 
indicates the weight is heavier than its reading, and the 
correction must be added. 
2. Purification of Acids. 
Pure concentrated nitric and sulfuric acids were first 
prepared by distilling in pyrex flasks. One fourth to one 
third of the total volume was boiled over to remove the vola-
tile impurities and discarded. The next fraction (about one-
half) was regarded as pure and was saved. The last one-fourth 
was discarded. 
13. 
Table III. Weight Standardization. 
Aliquot Corrections 
Left pan Rider Rider Prelim. parts Actual 
differ- values 9.99770 minus 
ences ~actual) (ideal) ideal 
Gr. mg. mg. g. g. mg. 
(O.Ol'J•••••••• 1.67 ••••• 0.01000 0.01000 o.oo r-01" ........ 1.67 o.oo 0.01000 0.01000 o.oo 0.01"') .•.•••• 1.82 +0.15 0.01015 0.01000 +0.15 
0.01')+(0.01") 1.52 0.02000 
0.02) •••• .••.• 1.51 -0.01 0.01999 0.01999 o.oo 
~0.01')--(0.02) 1.74 0.05014 
0.05) ••....•.• 1.60 -0.14 0.05000 0.04999 ,.0.01 !".01' )--( 0.05) 2.03 0.10014 
0.1'! ......... 1.89 -0.14 0.10000 0.09998 +0.02 
0.1 11 ••••••••• 1.86 -0.17 0.09997 0.09998 -o.m 
0.1' +(0.1") •• 2.29 0.19997 
(0.2) ••.•••.... 2.29 o.oo 0.19997 0.19996 -tO.Ol 
{0.01')---(0.2) 2.31 0.50008 
0. 5) •••••••••• 2.10 -0.21 0.49987 0.49988 -0.01 
0 .q' )----( 0.5) 1.86 0.99995 
{1') ••••••••••• 1.64 -0.22 0.99973 0.99977 -0.04 
0.01' )----.,(1) 2.02 1.99968 
2' ~ ••••••••••• 1.97 -0.05 1.99963 1.99954 +0.09 
~ 2" ••••••••••• 1.96 --{).06 1.99962 1.99954 +0.08 
1 ~ ---------{2") 1.57 4.99893 
5 •••••••••••• 1.54 -0.03 4.99890 4.99885 -+0.05 
~1 ---------(5) 0.59 9.99783 
10') ....•..•.• 0.46 -0.13 9.99770 9.99770 Standard 
~ lOh ~ .......... 0.49 -0.10 9.99773 9.99770 +0.03 
10 '' +( 10 11 } •••• 0.89 19.99543 
~ 20 l· .. ........ 1.17 +0.28 19.99571 19.99540 +0.31 
As the analyses proceaaed, it became apparent that the 
accuracy of the results obtained (on account of the corrosion 
products present in some of the bronzes}, did not warrant the 
expenditure of time required to prepare pure acids. Ordinary 
reagent (c. P.) acids were used thereafter. 
14. 
3. Tin Preliminaries. 
Coors pnrcelain crucibles were used in the tin determina-
tion. Each crucible was wiped clean, heated slightly on one 
side, and marked with 10% cobalt nitrate solution. Upon more 
intensive heating the cobalt stain became black and permanent. 
Defore using, the crucible was kept one hour at the lligh-
est temperature available with a bunsen burner, and turned 
every ten minutes to expose all sides to the hottest portion of 
the flame. If cooled completely once during this period, then 
heated up again, constant weight was obtained. 
The crucible was returned to room temperature by standing 
one hour, or more if possible, i~ large desicc~tor charged 
with fused potassium hydroxide. Ten minutes were allowed in 
the balance case to attain balance conditions before any 
swings were taken. 
The filter paper pulp used in the precipitation of tin 
was obtained from filter paper pads about five centimetera in 
diameter. These were broken up, soaked in water, and agitated 
for some time with the mechanical stirrer. A floculent die-
persion was obtained. 
4. Lead Preliminaries. 
Gooch crucibles were prepared in the usual manner from 
asbestos fiber. The longest fibers present in the supply box 
were picked out, soaked, and then agitated in an Erlenmeyer 
flask to separate the threads. A layer about one millimeter 
15. 
thick was settled in the crucible. using a moderate suction 
and tamping slightly with a glass rod. After the perforated 
disc was in position. full suction was applied. and fifty ml. of 
water run through to carry out loose minute fragments. The as-
bestos mat was washed with ten per cent sulfuric acid solution 
and a few ml, of alcohol. The crucible w~s dried in an oven 
for one and one half hours at ll0°C. or in iron crucibles sus-
pended above bunsen burners one hour at l30°c. The cooling 
and weighing procedure followed that of the Coors crucibles. 
(see page 15). 
5, Platinum and treatment. 
The platinum gauze baskets used for the electroplating of 
copper were two inches high and one inch in diameter, 'rhey 
v1ere cleaned in dilute ni trio acid (1: 1) • washed with w~;.ter • and 
bathed in 95% alcohol for one minute. ..i..fter drying 15 minutes 
in air. they were left in the balance case five minutes to at-
tain balance conditions before weighing. 
The baskets were suspended in the electroplating colution 
between two halves of a. cork held in a clamp. The cork was 
soaked in hot wax and the clamp was dipped libhtly in it also. 
In the electrolysis. the basket was the cathode• while the 
anode was a platinum rod extending down into the basket. It 
was also held between the halves of the cork. Contacts were 
made with lead wires by means of bronze connectors. 
16. 
The stirrers consisted of glass rods flared on the end 
and twisted into the form of a screw. Stirring was provided 
by a l/20 H. P. 110 Volt direct current General Electric Motor. 
Connecting pulleys were arranged to produce a moderate speed. 
A rigid etirring framework was constructed of iron rods clamp-
ed acroee three ring stande. (See illustration o~ page 18). 
Current wae eupplied by two 6-volt Willard storage bat-
teries connected in seriee. It was measured by a (0-1.2, 0-~ 
capacity ammeter manufactured by the Cambosco Scientific Co., 
of Waverly, Maes. The resietance useu was a 25 ohm, 4.5 amp. 
capacity Vitrohm rheoetat, made by \':ard Leonard Electric Co., 
of JJt. Vernon, New York. 
B. Preparation of Sample. 
The sample as received for analysie consieted of a small 
fragment of the mirror, either one of the smaller pieces of a 
cracked specimen, or a chip broken off the intact bronze. 
The outside layer was a covering of its particular corrosion 
and patina. 
It wae attempted to remove the corrosion by electrolytic 
reduction in two per cent sodium hydroxide eolution. The 
piece was suspended from a platinum wire and electrolyzed 
overnight at .l-.2 amperes. Large amounts of eludge settled 
to the bottom, but some debrie adhered to the body of the piece 
and had to be removed by abrasion. It proved simpler to file 
away the corrosion without reduction, the sample being held 
17. 
18. 
B 
Fig. 1.--Stirring Setup. 
A ••••••••• • Ammeter 
B •••.•.•.•• Battery 
M ••••••••• • Motor 
R .•.••••.•• Resistance. 
in the fingers as well as possible. 
In a large number of cases, chemical attack had penetrated 
non-uniformly into the bronze. Thin shadings of decomposition 
were visible into the body of the metal, and to take away all 
the discoloration would have sacrificed the sample. 
The best pieces were cleaned and broken to three-tenths 
gram sizes with a clean pair of pliers. In the interest of 
uniformity, samples were chosen as far as possible from those 
fragments that had been immediately together on the bron~e. 
After the sample had been weighed, it was treated with 
twenty ml. dilute nitric acid (1:1), and digested on the steam 
bath. Excepting a few cases, solution was complete in one-
fourth tQ one-half hour. To the exceptions a few ml. HCl (sp. 
gr. 1.19) was added and the mixture evaporated to dryness. The 
residue was evaporated three times with nitric ac.id (sp. gr. 1.42) 
to remove the hydrochloric acid • 
. The hydrochloric acid was necessary in some cases where 
invisible corrosion left black residues. The others seemed to 
he~.ve been rendered insoluble :l::n some manner by the physical/ 
treatment. 
19. 
c. Determination of Tin. 
When the bronze is treated with nitric acid, the tin 
present is precipitated as metastannic acid, H2sno3, along with 
any antimony that may be present. The total volume is evapor-
ated to 10 ml. If the sample has been evapor~ted to dryness, 
five ml. nitric acid (sp. gr. 1.42) and then five ml. water 
are added. A lump of filter paper pulp the size of one-half 
inch of pencil is stirred into the solution. 
After two minutes (long digestion with strong nitric acid 
completely pulverizes the pulp}, 150 ml. of boiling water are 
added slowly. .Beginning at first with a few drops, the dilu-
tion is carried out gradually with constant stirring. At no 
time will there be two layers, one concentrated and one dilute, 
in the casserole. The agitation with pulp seems to promote 
precipitation. The tin does not become colloidal if dilution 
is carried out slowly enough. 
The diluted mixture is left on the steam bath thirty 
minutes and stirred once or twice during that time to bring 
the pulp in contact with all pa~·ts of the solution. After 
settling, the solution is filtered (~batman's No. 40 Ashless 
grade was used throughout) while still hot, decanting the top 
solution. The pulp and metastannic acid retained in the 
casserole are washed and stirred with fifteen ml. hot two per 
cent nitric acid solution. Five or six washings in this manner 
serve to remove the last trace of copper from the pulp. After 
the main body of the pulp and metastannic acid has been 
20. 
transferred to the filter paper, the cas~erole is scrubbed 
inside with a rubber policeman and rinsed into the filter. 
The top edge of the filter paper is washed three or four 
times with more dilute nitric acid and allowed to drain. As 
the paper is moved up the side, the funnel is revolved so that 
any residue remaining on the side will be collected. The 
bottom layer of the filtrate may be very slightly murky. This 
is finely divided filter paper pulp that was not retained 
early in the filtration. 
The filter paper containing the metastannic acid is 
cramped together and placed top side down in a tared Coors 
c~ucible. (See page 15). The crucible is ignited slowly at 
first, then forty-five minutes at highest bunsen burner tem-
perature, cooled and weighed. The increase in weight is mul-
tiplied by the gravimetric factor Sn/Sn02 and reported as the 
tin present. 
The metastannic acid from the bronzes was either red, 
yellow, (due to the antimony), or white. The stannic oxide 
ranged from a light gray through yellow to dark red brown. 
In order to oxidize any carbon remaining, a few ml. nitric 
acid (sp. gr. 1.42) were added to the dark specimens. After 
evaporation on the steam bath, and reignition, there was 
usually an insignificant increase in weight. 
Metallic tin was dissolved and precipitated according to 
this system. The filtrate when evaporated to dryness ex-
hibited no trace of tin. 
21. 
D. Determination of Lead. 
To the blue filtrate three ml. sulfuric acid (sp. gr. 1.84) 
are added and the solution is evaporated overnight on the steam 
bath. The concentrated solution is swished around to moisten the 
sides of the container and maneuver the copper sulphate crystals 
to one side. This reduces the tendency to "bump" during later 
heating. 
The solution is heated to drive off the remaining nitric 
acid on a hot plate or by bunsen burner until dense white fumes 
of sulfur trioxide are evolved. If straight-sided beakers are 
used the heating must be especially thorough. The early dis-
tillate may condense on the sides. 
This final heating to sulfur trioxide cannot be done if the 
concentrate has been standing cool for some hours. The sulfuric 
acid absorbs enough moisture from the air to dilute it and a 
little lead sulfate becomes soluble. This is precipitated later 
upon heating, but in such fine particles that the Gooch cruci-
ble (see page 15) will not hold them. On the other hand, if the 
solution is evaporated on the steam bath to concentrated acid, 
and heated immediately afterward, all the lead sulfate crystals 
will be large and readily retained. 
The solution when cool is diluted slowly with 150 ml. cold 
water and allowed to stand fifteen minutes. A longer time is 
beneficial, but the copper present in solution is meanwhile ex-
posed to precipitation from the sulfide in the air. 
A tared Gooch crucible is wetted down with 20 ml. water. 
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To catch any lint loosened by drying, the water is passed 
through the crucible again. The lead is then filtered into the 
crucible and washed with ten per cent sulfuric acid solution. 
The last traces of lead sulfate are dislodged from the container 
with the help of a policeman. The lead sulfate is finally 
washed with ten ml. 50% alcohol, sucked dry, heated, and 
weighed. The increase in weight multiplied by the factor 
Pb/PbS04 is reported as lead. 
If the heating to expel nitric acid is done immediately 
there is no trace of brown 
after extended evaporation with steam,hlead dioxide on the 
anode after the copper electrolysis. 
E. Determination of copper. 
To the filtrate containing copper, two ml. sulfuric acid 
(sp. gr. 1.84) and 1.7-1.8 ml. nitric acid (sp. gr. 1.42) is 
added. The solution is diluted to 200 ml. and electrolyzed, 
(see page 18), a few minutes at .1 amperes and one and one-half 
hours at .75 amperes. Copper can be deposited at higher cur-
rent dens'ities, but there is considerable fuming at the anode. 
Under the· syst'em of stirring used, it is not feasible to use 
split watch glasses to cover the beaker. Below .75 amperes, 
the frothing is negligtale. 
From time to.·time a little water is added to the electro-
lytic solution. ¥fuen the platinum remains bright, showing that 
no more copper is being deposited, the first sample is removed. 
The stirring is stopped, and the blocks under the beaker 
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removed (the beaker being held in position with one hand). As 
the beaker is gradually lowered, a large stream of water is dis-
charged on the platinum from a wash bottle, enough to remove 
all the acid. The broken circuit is completed as quickly as 
possible and the second sample electrolyzed fifteen minutes 
more at .75 amps without stirring. Then it is removed in the 
same fashion, i~~ersed in alcohol, dried and weighed. The in-
crease in weight of the platinum is due to the copper deposited. 
As a test, copper metal was electrolyzed in this system. 
It was not more than 99.85% pure. The copper deposited was 
dissolved from the baskets and replated. The following are the 
results of the blank run: 
I II 
wt. Cu in sample 
(Dissolved from earlier 
electrolysis) .38023 .38301 
wt. Pt basket plus Ca 13.42320 13.55385 
wt. Pt basket 13.04311 13.17102 
wt. Ca deposited 
.38009 
.38283 
Per cent Cu deposited 99.96 99.95 
24. 
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F. Minor Analysis. l. Determination o£ Arsenic. 
· As the spectrographic analysis showed the presence of 
arsenic in most of the bronzes, a chemical test was made on a 
few of them to confirm it. The Gutzeit test was made on the 
solution remaining after the copper electrolysis, concentrated 
by evaporation. 
The Gutzeit test depends on the fact that arsine colors a 
solution of silver nitrate (l:l) first yellow and then black. 
Arsenic free zinc is warmed with dilute sulfuric acid and the 
substance to be tested. Hydrogen produced by the reaction 
between the zinc and sulfuric acid reduces the arsenic to 
arsine. This combines with the silver nitrate suspended in 
· the top of the tube on a filter paper, to £orm a yellow com-
pound and later reduces th0 silver to a black metallic state. 
The equations involved are: 
(l) 6AgN03 -t AsH3 --+ Ag:y\.s • 3AgNOz, -'" 3HN03 
( 2) Ag3As • 3.AgN03 +- 3H20 - H3As03 .. 3HN03 + 6:!!:,g,. 
A blank run was made simultaneously with each arsenic 
test. The zinc used contained enough arsenic to produce a 
slight stain after some time. The bronze tests colored the 
paper soon and detply, showing the presence of arsenic. 
No attempts at quantitative determination were made. 
The procedure consisted only in proving that the bronzes 
contain arsenic. 
25. 
Tablllation of Arsenic Results. 
Bronze Result 
:r. c. P. 14 Strong positive. 
:r. c. P. 13 Strong positive. 
:r. c. P. 18 Positive. 
:r. c. P. 15 Positive. 
2. Determination of Zinc. 
The solution left from the electrolysis of copper is evap-
orated on the steam bath to 150 ml. and exactly neutralized 
with wrunonium hydroxide. A ten per cent solution of secondary 
sodium hydrogen phosphate (1Ia2HP04 ) is also neutralized. Both 
solutions are heated to boiling and the phosphate is added drop 
by drop in large excess. The solution is digested on the steam 
bath 45 minutes and cooled one hour. The precipitate of zinc 
ammonium phosphate is filtered into a prepared Gooch crucible, 
washed with one per cent secondary ammonium phosphate solution 
and with alcohol. From the increase in weight as zinc wrunonium 
phosphate the amount of zinc present is calculated. 
Bronze mirror J. c. P. 19 seemed to contain considerably 
more zinc than was indicated by the spectrographic analysis.(l) 
The precipitate in the Gooch crucibles was dissolved in nitric 
acid, evaporated to dryness and examined with the spectrograph. 
The concentrate contained both zinc and arsenic, showing that 
(l) G. D. Allyn, A Spectrographic Exam. of Chinese Bronzes. 
Boston u. Thesis, 1936 
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the arsenic had been precipitated along with the zinc. (1) 
3. Determination of Antimony. 
Antimony is precipitated quantitatively from nitric acid 
solu~ion in the presence of a large excess of tin.(2) A 
quantitative estimation of the antimony present was made by 
titration with potassium permanganate. 
Vleighed samples of antimony were dissolved in aqua regia. 
Fifteen ru. sulfuric acid (sp. gr. 1.84) were added and the 
solution boiled to dense fumes of sulfur trioxide. ~~en cool, 
20 ml. water and 20 ru. hydrochloric acid (sp. gr. 1.19) are 
added. One gram of sodium sulfite is added to reduce the anti-
mony to the trivalent (antimonite) state and the solution 
boiled to expel the sulfur dioxide for ten minutes. The solu-
tion is cooled and titrated with the permanganate solution to a 
faint pink color. 
The combined tin and antimony oxides, weighed and reported 
in the tin determination, were transferred from the Coors 
crucible to a 400 cc,. beaker. Fifteen ru. sulfuric acid were 
added and the procedure followed as outlined above. Upon 
titration with potassium permanganate the antimonite is oxi-
dized to the antimonate. 
(1) G. D. Allyn, Spectra. Exam. Chinese Bronzes. B. U. 1936 
(2) Book of A.S.T.~. Standards, Part I. Philadelphia, 1933 
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From the volume of permanganate required and the normality 
as determined by standardization, the per cent antimony in the 
original sample was computed. 
4. Spectrographic Analysis. (1). 
A a to 5 mg. piece of sample was placed in a hole in the 
end o~ a piece of Acheson Graphite. An arc was struck between 
this piece and another piece of similar graphite. The spectrum 
was phbtographed and recorded on Eastman III-0-Ultra violet 
sensitive plates. 
~uantitative estimation was made possible by the prepara-
tion of a series of standard alloys. Those alloys contained 
known amounts of' the impurity to be determined. These standard 
spectra were then compared with the spectra of the bronze mir-
rors and a quantitative estiwate.made. 
(1). G. D. Allyn, A Spectrographic Examination of Old Chinese 
Bronzes, Boston u. Thesis, 19~6. 
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III. Results. 
In the section immediately following, one page is given 
over to each bronze, with description, treatment, chemical 
analysis, spectrographic analysis, and pertinent remarks. 
Bronzes Nos. J. c. P. 4, a, 15, 17, 30, and 73, as well as L. 
W. 1, 2, 3, and 4 are placed in the latter part of the section 
because their analyses are not complete or do not total an 
arbitrary value of 99%. J. c. P. 18 and 25 are retained in the 
front part because all constituents agree well with the general 
average. 
Only those bronzes with analysis totals above 99% are in-
cluded in the correlation given for each type on pages SS-57. 
The relationship "high,• •average," or "low•, indicated in 
section V (Remarks), compares the percentage composition of the 
bronze with the average values of each constituent in that part-
icular group. 
Nota: No attempt was made to correlate the T'ang mirrors. 
Only two complete analyses are listed. 
29. 
.TCP 10 
Ch 1 in .from Hua.i Valley 
I. Description: 
White, hard, lustrous. 
II. Treatment: 
Soluble in nitric acid, Stannic oxide gray, 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
26.08 
3.80 
69.97 
99.85 
IV. Spectrographic Analysis: 
Antimony 0.2% 
Arsenic 0.1~ 
Zinc 0 .05j; 
Silver Trace 
V. Remarks: 
26.04 
3.66 
69.80 
99.50 
High in tin and lead, low in copper. 
30, 
JCP ll 
Ch'in from Huai Valley 
I. Description: 
Brown, medium hard, medium luster. 
II. Treatment: 
Dissolved in nitric acid. Metastannic acid red. 
Stannic oxide almost white. 
III. Chernical Analysis: 
Tin 
Lead 
Copper 
Total 
26.30 
1.47 
72.03 
99.80 
IV. Spectrographic Analysis: 
Antimony 0.05~ 
Arsenic 0 .1;; 
Zinc 0.05;';; 
Silver Trace 
V. Remarks: 
26.13 
1.39 
72.06 
99.58 
High in tin, low in lead, average copper. 
31. 
JCP 12 
Ch'in from Huai Valley 
I. Description: 
Light brown, medium hard, medium luster. 
II. Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
24.51 
1.52 
73.57 
99.60 
IV. Spectrographic Analysis: 
v. Remarks: 
Antimony 
Arsenic 
Zinc 
Silver 
0 .051; 
0.1% 
0.05% 
Trace 
24.50 
1.72. 
73.68 
99.80 
Average tin, low in lead, high in copper. 
32. 
JCP 13 
Ch' in from Hua.i Valley 
I. Description: 
Brown, medium hard, lustrous. 
II. Treatment: 
Dissolved in nitric acid. Uetastannie acid red. 
Stannie oxide yellow. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
26.41 
0.85 
72.14 
99.40 
IV. Spectrographic Analysis: 
Antimony 0.051.:: 
Arsenic 1.0;; 
Zinc 0.05% 
Silver Trace 
v. Remarks: 
26.45 
o.88 
72.18 
99.51 
High in tin, low in lead, average copper. 
33. 
J"CP 14 
Ch'in from Huai Valley 
I. Description: 
Gilt, hard, lustrous. 
II. Treatment: 
Slowly soluble in nitric acid. Metastannic acid red. 
Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
22.43 
3.50 
73.16 
99.09 
IV. Spectrographic Analysis: 
V. Remarks: 
Antimony 0, 2;.; · 
Arsenic _ 1.01~ 
Zinc 0.2% 
Silver Trace 
22.47 
3,46 
73,25 
99.18 
Low in tin, high in lead, high in copper. 
34. 
JCP 16 
Ch'in from Huai Valley 
I. Description: 
Medium brown, medium hard, medium luster. 
II. Treatment: 
Soluble in nitric acid. Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
23.70 
1.45 
74.43 
99.58 
IV. Spectrographic Analysiss 
Antimony 0.02/~ 
Arsenic 0.05% 
Zinc. 0 .05]~ 
Silver Trace 
v. Remarks: 
23.61 
1.51 
74.34 
99.46 
Low in tin, low in lead, high in copper. 
35. 
JCP 18 
Early Han from Huai Valley 
I. Description: 
Brown, medium hard, slight luster. Corrosion black 
with no atacamite. 
II. Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
24.18 
4.18 
69.60 
97.96 
IV. Spectrographic Analysis: 
Antimony 0. 5;.; 
Iu-aenic 0.05% 
Zinc 0.05% 
Silver Trace 
V. Remarks: 
25.02 
4.27 
69.52 
98.81 
Average tin, average lead, average copper. Low total 
probably due to corroded sample. 
36. 
37. 
JCP 19 
Early Han from Huai Valley 
I. Description: 
Trace brown, medium hard, lustrous, very brittle. 
II. Treatment: 
Dissolved in nitric acid. Metastannic acid very red. 
III. Chemical Analysis: 
Tin 26.25 26.21 
Lead 4.64 4.68 
Copper 68.11 68.13 
Zinc 0.17 0.27 
Total 99.18 99.29 
IV. Spectrographic Analysis: 
Antimony 0.1/~ 
Arsenic 0.5;; 
Zinc 0.02% 
Silver Trace 
V. Remarks: 
High in tin, average lead, low in copper. Some of the 
arsenic was precipitated with the zinc analysis. 
JCP 20 
Early Han from Huai Valley 
I. Description: 
Slightly brown, medium hard, slight luster. 
II. Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III. Chemical Analysis: 
Tin 25.52 
Lead 4.14 
Copper 69.77 
Total 99.43 
IV. Spectrographic Analysis: 
Antimony 
Arsenic 
Zinc 
Silver 
v. Remarks: 
0.2% 
0 3"' . ,.
Trace 
25.40 
4.23 
69.82 
99.45 
Average tin, average lead, average copper. 
38. 
.rep 23 
Early Han from Huai Valley 
I. Description: 
Brown, medium hard, no luster. Corrosion powdery and 
black, penetrating in slight areas. 
II. Treatment: 
Dissolved in nitric acid. Metastannic acid yellow. 
Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
24.05 
6.66 
69.17 
99.88 
IV. Spectrographic Analysis: 
v. Remarks: 
Antimony 0.1% 
Arsenic 
Zinc 
Silver 
0.2.% 
0.02% 
Trace 
24.35 
6.65 
68.02 
99.02 
Slightly low in tin, ligh in lead, average in copper. 
Copper discrepancy probably due to corrosion. 
39 • 
.TCP 25 
Han from Huai Valley 
I. Description: 
Brown, soft, medium luster. 
II. Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
24.43 
5.43 
68.71 
98.57 
IV. Spectrographic Analysis: 
V. Remarks: 
Antimony 
Arsenic 
Zinc 
Silver 
24.30 
5.59 
69.05 
98.94 
Average tin, average tin, average copper. Low total 
due to corrosion. 
40 • 
JCP 26 
Han from Huai Valley 
I. Description: 
Brown, soft, slight luster. 
II. Treatment: 
Dissolved in nitric acid. Metastannic acid yellow. 
Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
23.31 
4.86 
71.58 
99.75 
IV. Spectrographic Analysis: 
Antimony 0.1% 
Arsenic 
Zinc 
Silver Trace 
v. Remarks: 
23.44 
4.78 
71.48 
99.70 
Low in tin, low in lead, high in copper. 
41. 
.TCP 33 
Han from Huai Valley 
I. Description: 
Slight br.own, soft, medium luster. 
II. Treatment: 
Dissolved in nitric acid. Metastannic acid yellow. 
Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
24.76 
5.29 
69.87 
99.92 
IV. Spectrographic Analysis: 
V. Remarks: 
Antimony 
Arsenic 
Zinc 
Silver 
0.5% 
0.5/~ 
0.05% 
Trace 
24.69 
5.46 
69.65 
99.80 
Average tin, average lead, average copper. 
42 • 
.JCP 35 
Han from Huai Valley 
I. Description: 
Brown, soft, slight luster. 
II. Treatment: 
Dissolved in nitric acid. Metastannic acid gray pink 
before heating, gray after. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
24.19 
5.06 
70.13 
99.38 
IV. Spectrographic Analysis: 
V. Relllll.rkBI 
Antimony 0.2% 
Arsenic l.o;; 
Zinc 0.02% 
Silver Trace 
24.36 
5.04 
70.09 
99.49 
Average tin, average lead, averaGe copper. 
43 • 
I. Description: 
JCP 37 
Later Han 
~bite, medium hard, lustrous. Pit shaded. 
II. Treatment: 
Dissolved in nitric acid. Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
C6pper 
Total 
25.12 
5.84 
68.76 
99.72 
IV. Spectrographic Analysis: 
V. Remarks: 
Antimony 0 .1" 
Arsenic 
Zinc 
Silver 
0.2% 
0.02% 
Trace 
24.90 
5.78 
68.60 
99.28 
High in tin, average lead, low in copper. Sample two 
probably slightly corroded. 
44. 
I. Description: 
LW \l 
Han Mirror 
Light golden brown, medium hard, medium luster. 
Brown pitted. 
II. Treatment: 
Dissolved in nitric acid. •etastannic acid yellow be-
fore ignition, gray after. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
23,97 
5,98 
69.60 
99,53 
IV. Spectrographic Analysis: 
Antimony 0.05% 
Arsenic 1.0~ 
Zinc 0.02% 
Silver Trace 
v. Remarks: 
23.76 
6.00 
69.67 
99.43 
Slightly low in tin, high in lead, average copper. 
45. 
LVI x. 
T 'ang i>Urror 
I. Description: 
Light brown, soft, good luster. 
II. Treatment: 
Dissolved in nitric acid. Metastannic acid pink before 
ignition, gray-yellow after. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
23.52 
5.34 
70 .25_ 
99.11 
IV. Spectrographic Analysis: 
v. Remarks: 
Antimony 
Arsenic 
Zinc 
Silver 
0.05% 
0.02,% 
0.05?~ 
Trace 
23.65 
5,46 
70.20 
99.31 
No correlation possible from few T'ang mirrors analyzed. 
46. 
JCP 122 
T'ang Mirror 
I. Description: 
Brown, soft, slight luster. Pitted with atacamite. 
·II. ,Treatment: 
Dissolved in nitric acid. Stannic oxide yellow. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
26.44 
3.31 
69.95 
99.70 
IV. Spectrographic Analysis: 
v. Remarks: 
Antimony 0.2% 
Arsenic 0.2% 
Zinc 0.2;% 
Silver Trace 
26.07 
3.20 
70.10 
99.37 
Copper agrees with other T• ang JHrrors. 
47. 
JCP 4 
Ch' in from Huai Valley 
I. Description: 
Completely corroded specimen. Very brittle and powdery. 
\Vhite, brown, and green layers, with distinct concentric blend-
ing. Atacamite very pronounced· and easily broken. 
II. Treatment: 
Soluble in aqua regia •. Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
20.39 
3.09 
44.94 
68.42 
IV. Spectrographic An~lysis: 
v. Remarks: 
Antimony 
Arsenic 
Zinc 
Silver 
0.2% 
0.2% 
O.l% 
Trace 
21.59 
2~9..1 
45.98 
70.48 
Low total in chemical analysis is due to corrosion 
products. Lead percentage relatively higher than tin and 
copper. 
48. 
.TCP 8 
Ch'in from Huai Valley 
I. Description: 
Gilt, medium hard, lustrous. Black pit corrosion. 
II. Treatment: 
Digested in nitric acid. Hetastannic acid left in pink 
cake, readily reducible with stirring rod. Stannic oxide gray. 
III. Chemical Analysis: 
Tin 22.15 22.10 
Lead 1.88 1.87 
Copper. 74.29 74.24 
Total 98,32 98.21 
IV. Spectrographic Analysis: 
Antimony 0.2% 
J\rsenic 0.05% 
Zinc 0.1% 
Silver Trace 
v. Remarks: 
Low chemical analysis total due to corrosion. Tin very 
low, lead average, copper high. 
49 • 
JCP 15 
Ch'in from Huai Valley 
I. Description: 
Brown, medium hard, medium luster. Interior stained 
with corrosion. 
II. Treatment: 
Slowly soluble in nitric acid. Metastannic acid red. 
Stannic oxide orange-yellow. 
III. Chemical .Analysis: 
Tin 23.35 
Lead 6.78 
Copper 68.14 
Total 98.27 
IV. Spectrographic Analysis: 
.Antimony 0.2% 
Arsenic 
Zinc 0.02% 
Silver Trace 
V. Remarks: 
23.56 
6.59 
67.96 
98.11 
Low chemical analysis total due to corrosion. This is 
the only Ch'in bronze with percentages corresponding to those 
of the Han mirrors. It may be a sub-type. 
50. 
.TCP 17 
Han from Huai Valley 
I. Description: 
Gray, medium hard, slight luster. Black pit corrosion. 
I I. Treatment: 
Gray deposit on treatment with nitric acid, soluble in 
aqua regia. Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
26.24 
4.41 
66.53 
97.17 
IV. Spectrographic Analysis: 
Antimony 0.1/~ 
Arsenic 0.5% 
Zinc 0.02% 
Silver Trace 
V. Remarks: 
26.35 
4.25 
66.32 
96.92 
Low chemical total due to corrosion. Tin and lead aver--
age, copper low. 
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I. Description: 
JCP 30 
Han Uirror 
Brown, hard, slight luster. Interior stained. 
II. Treatment: 
Slowly soluble in nitric acid. lletastannic acid red. 
Stannic oxide gray. 
III. Chemical Analysis: 
Tin 
Lead 
Copper 
Total 
24.99 
5.54 
67.64 
98.17 
IV. Spectrographic Analysis: 
V. Remarks: 
Antimony 
Arsenic 
Zinc 
Silver 
25.09 
5,54 
67.84 
98.47 
Low chemical total due to corrosion. Tin and lead 
average, copper low. 
52. 
·I. Description: 
.JCP. 73 
T'ang Mirror 
Slight brown, medium hard, alight luster. 
II. Treatment: 
Partially soluble in nitric acid. Residue aol~ble in 
hydrochloric acid. Stannic oxide orange. 
III. Che:nica.l Analysis: 
Tin 
Lead 
Copper 
Total 
24.08 
5.10 
IV. Spectrographic Analysis: 
Antimony 0.5/; 
la..rsenic 0.05% 
Zinc 0.05% 
Silver Trace 
v. Rem"'rks: 
Average tin and lead. 
23.81 
4.97 
53 • 
The following analyses were completed during 
the experimental stages of the study. All are Han mirrors, 
but were not included in the general correlation !or that type. 
They are included as supplementary evidence on the mirrors of 
that dynasty. 
Tin Lead Copper Total 
L. w. l 25.28 4.64 68.57 98.49 
25.50 4.53 
L. V' I o 2 28.1~ 4.60 
28.05 4.83 
L. w. ~ 24.67 4.19 71.09 99.96 
24.77 4.22 
L. w. 4 24.58 4.96 
24.68 4.92 69.41 99.01 
The tin is in general that of the Early Han period. 
L. w. 2 contains the highest percentage o! tin in any bronze 
examined. 
The lead content is definitely that of the Early Han 
type. See Composite, page 56. 
54. 
55. 
Ch'in Mirrors: Composite. 
Tin Lead Copper Total 
J. C. P. 10 26.08 3.80 69.!n 99.85 
26.04 3.66 69.80 99.50 
J. C. P. ll 26.30 1.47 72.03 99.80 
26.13 1.39 72.06 99.58 
J. c~ P. 12 24.51 1.52 73.57 99.60 
24.50 1.72 73.68 99.90 
J. C. P. 13 26.41 0.85 72.14 99.40 
26.45 0.88 72.18 99.51 
J. c. P. 14 22.43 3.50 73.16 99.09 
22.47 3.46 73.25 99.18 
J. C. P. 16 23.70 1.45 74.43 99.58 
23.61 1.51 74.34 99.46 
Average 24.89 2.10 72.19 
56. 
Early Han Mirrors: Composite. 
Tin Lead Copper. Total 
J. C. P. 18 25.02 4.27 69.52 98.81 
24.18! 4.18 69.60 97.96 
J. C. P. 19 26.25 4.64 68.11 1)9.01 
26.21 4.68 68.13 99,02 
J. C. P. 20 25.52 4.14 69.77 99.82 
25.40 4.23 69.82 99.45 
J. c. P. 23 24.05 6.6(\ 69.17 99.88 
24.35 6.65 68.02! 99.02 
Average 25.23 69.12 
! not included in average. 
57. 
Han Mirrors: Composite. 
Tin Lead Copper Total 
:r. C. P. 25 24.43 5.43 68. 71! 98.57 
24.30 5.59 69.05 98.94 
:r. C. P. 26 23.31 4.86 71.58 99.75 
23.44 4.78 71.48 99.70 
:r. C. P. 33 24.67 5.29 69.87 99.92 
24.69 5.46 69.65 99.80 
J. C. P. 35 24.19 5.06 70.13 99.38 
24,36 5.04 70.09 99.59 
:J. C. P. 37 25.12 5.84 68.76 99.72 
24.90 5.78 68.60 99.28 
L. W. 9 23.97 5.98 69.60 99.53 
23.76 6~oOO 69.67 99.43 
Average 24.27 5.43 69.79 
! l!ot included in average. 
B. Antimony Results. 
Standardization. 
Wt. Sb Vol. KMn04 
I. .02949 26.90 
II. '.03061 28.00 
.001097 
.001290 
.0900 
.1058 
Aver. .0098 ll. 
Bronze Determinations~ 
Wt. Samp. Vol. IC.fn04 Sb Titre ;;)Sb 
J.C.P. 13 .26800 6.20 .001193 2.75 
.31327 6.29 
" 
2.40 
J.C.P. 14 .33494 3.63 • 1.29 
• 35287 2.78 • .95 
J.C.P. 15 .24961 6.45 n 3.10 
J. c. P.l8 .37087 5.60 II 1.80 
These results are somewhat higher than the percentages 
indicated by the spectrographic analysis. 
The determination of antimony in the presence of tin is 
at best very approximate. The tests do show, however, that 
there is appreciable antimony in the bronze mirrors. 
58. 
Zinc Results. 
Zinc analysis was run on one bronze, J. c. P. 19. The 
bronzes in t~e late analyses contained such an insignificant 
quantity, as shown by the spectrographic analysis, that no 
more determinations were made. The solution remaining from the 
copper electrolysis was concentrated by evaporation and used 
for the determination of arsenic. (See page 25). 
I II 
Wt. Sample, J. C. P. 19 .35861 .35660 
Wt. cruc. and zinc B.llmi.O!liUtt)• 
phosphate 18.79679 18.61569 
Wt. cruc. empty 18.79514 18.6130~ 
Wt. zinc ammonium phosphate .00165 .00260 
Per cent zinc .17 .27 
Aver. .22 
59. 
Discussion of Correlation. 
There seems to be no distinctive value for the tin 
content. This may be due to difficulties involved in metal-
lurgy and purification, or the presence of other metals such 
as antimony occurring naturally with tin. An accurate deter-
mination of the tin, with corrections for all impurities, would 
probably establish a criteria. 
There seems to be, however, a trend toward uniformity. 
The tin content varies a total of four per cent in the Ch'in 
bronzes and only one and six-tenths per cant in the Ran mirrors. 
The tin content also tends to become less. If J. c. P. 14, a 
bronze with an extremely low tin content is omitted, the Ch'in 
average is 25.37. There is only later Han within half a per 
cent of that value. This seems to indicate that sometime dur-
ing the Han Dynasty the tin content was. reduced. 
Even though relatively few bronze analys0s were com-
pleted, there seems to be an increase over the 500 year period 
in the lead content. Some of the Ch'in bronzes contain very 
little lead, while the Later Ran average is 5.43%. Omitting 
J. c. P. 23, the Early Han avera0e is 4.27, and all agree 
closely among themselves and with L. ~. 1, 2, 3, and 4. 
The analysis of J. C. P. 23 would seem to indicate that it 
should be placed in a Later Han classification, where the tin 
is slightly less and the lead higher. 
60. 
There is no Ch'in as high as the lowest Han, early or 
late. With the exception of J. c. P. 23, this is again true 
of the twp Han periods. 
As in the case of the tin, the later bronzes seem to be 
more uniform in lead composition. There is a 400% variation 
in the lead content of the Ch'in bronzes, while there is only 
20% in the Early Han pieces (including L. w. 1, 2, 3, and 4) 
and 25% in the Later Han. 
The extreme limit of the variation in the lead of the 
Early Han mirrors is about .7%. On a bronze of 450 grams (a 
large mirror) the range of difference would be about 3 grams. 
This is a very small margin for manufacture extending through 
the course of two centuries. The proportions must have been 
guarded and followed carefully. 
The copper content through the course of time seems to 
become lower and more uniform. The greatest variation in the 
Ch'in suite is 4!%, in the Early Han 2%, and in the Later Han 
The highest Han of any period is still one per cent below 
the Ch'in average, as determined from the small number of 
bronzes done. 
J. c. P. 15 also fails to fit its classification by de-
sign. The copper content is too low and the lead is too high. 
It may be a subtype inscription, prepared by an ancient oper-
ating outside the recognized field of percentages, or a clever 
counterfeit recast from a true bronze many centuries ago. 
61. 
SU';!!!ARY. 
l. The history and significance of bronze mirrors in 
connection with contemporary Chinese civilization has been dis-
cussed. Their decoration, patina, and structure has been 
mentioned. 
2. A chemical analysis for the three main constituents, 
copper, tin and lead, and the minor constituents, antimony, 
arsenic, and zinc, has been outlined. ,\ntimony, arsenic, and 
zinc are present in appreciable quantitles in some of the 
bronzes. 
3. Results of chemlcal analyses are recorded, and ar-
ranged according to period. An attempt ls made to identlfy 
percentage constituents of the bronzes wlth a definlte period. 
4. The analyses seem to indicate that the proportions 
of the copper, tin, and lead used in the manufacture of bronze 
mirrors during the Han period of Chinese history are more uni-
form than those made in earlier Ch'in ~imes. 
5. The analyses also indicate that the tin and copper 
content of a Ch'in bronze is greater than that of a Han, but 
that the lead content is less. 
6. By comparison of the percentage constituents as 
determined by chemical analysis with the averages of those 
percentages found for dated bronzes, the period of a bronze 
may be approximately determined. 
62. 
7. The analysis of certain bronzes does not agree with 
that of the majority of the pieces in a similar design class-
ification. It may be a sub-type. It may have been manufactu-
red during a transition era. 
63. 
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